Introduction
[2] The climatology of precipitation over tropical and subtropical South America exhibits a regular annual cycle. The intense convective activity and heavy precipitation begins in northwestern South America in August and marches progressively southeastward until it reaches the Brazilian highland. The wet season peaks in the core of the Amazon in austral summer (December -February) . Deep convection begins to weaken over the Amazon in early March and the dry season persists throughout most of the austral winter [Horel et al., 1989] . Another region with prominent cloudiness features, the South Atlantic convergence zone, extends from the Amazon, passes over southeast Brazil, and runs toward the western portion of the subtropical Atlantic Ocean. It has been increasingly common to refer to the strong summertime convective activity, intense precipitation, and large-scale atmospheric circulation features as the South American Monsoon System (SAMS) [Zhou and Lau, 1998 ]. In addition, another important characteristic in monsoon systems is the frequent and persistent active and inactive (or ''break'') periods in the intensity of rainfall amounts.
[3] Similar behavior, i.e., active and break phases in SAMS, has not been extensively addressed in previous studies. Recent observations have suggested that during the easterly regimes, relatively dry atmospheric conditions were linked to increased cloud-to-ground lightning activity, deeper and more intense convective systems . In contrast, the westerly regimes were related to less lightning activity and relatively shallower convection, which is more typical of oceanic convection. Additional observational evidence for persistent variations in the structure of convection and different large-scale circulation regimes has been gathered in the recent Large-Scale Biosphere Atmosphere (LBA) Experiment of the intensive field campaign in January-March 1999. This experiment, which was part of the Wet Season Atmospheric Mesoscale Campaign (WETAMC) and LBA Tropical Rainfall Measuring Mission (TRMM) validation, took place in the Brazilian state of Rondônia over the southwest part of the Amazon [Silva Dias et al., 2000] . Periods of easterly and westerly 850 hPa winds in several sites in the Rondônia state seemed to be associated with different structural characteristics of mesoscale convective systems (MCS) [Ciffelli et al., 2002] . Evidently, the short duration and limited regional coverage of the TRMM/LBA experiment precludes a more comprehensive understanding of the behavior of active and break phases in SAMS. Incontestably, SAMS is intrinsically a multiscale phenomenon and, therefore, the investigation of scale interrelations is necessary to properly address its variability. In this regard, observational description and theoretical understanding of MCS are important to provide detailed conceptual models of the convective organization, three-dimensional wind circulation, thermal structure, precipitation, and microphysical processes occurring in the SAMS [Silva Dias and Ferreira, 1992; Gargstang et al., 1994; Negri et al., 1994; Garraud and Walllace, 1997; Ciffelli et al., 2002] .
[4] The availability of satellite remote sensors has provided a unique way to monitor the diurnal, intraseasonal, and interannual variability of MCS, especially in regions that are strategically difficult to access such as open oceans and tropical rain forests [Mohr and Zipser, 1996; Mohr et al., 1999; Zolman et al., 2000] . Furthermore, satellite methods that identify and track structural properties of convective systems (CSs) have provided valuable information on the dynamical mechanisms involved in their life cycle including the interaction between CSs and the largescale circulation, particularly in the tropical South America (TSA) [e.g., Cohen et al., 1995; Machado et al., 1998; Carvalho and Jones, 2001] . These previous studies clearly raise the importance of a more detailed investigation of the intraseasonal variability of the mesoscale convective activity in the TSA.
[5] Observational evidence during the LBA-TRMM campaign of the implication of low-level wind regimes upon the characteristics of convection in the TSA posed some intriguing questions: (1) What is the role of intraseasonal variations of low-level circulation for the modulation of the intensity and spatial pattern of large-scale convective activity in the TSA? (2) Do the number of convective systems (CS) and the duration of CS life cycles play an important role for the spatial characteristics of convective activity in the TSA? (3) Conversely, can low-level wind anomalies interfere with the diurnal variation of CS number and life-cycle duration in the TSA? (4) Likewise, do wind anomalies influence CS cloud shield structural properties such as horizontal extension, depth, temperature variance, eccentricity, and fragmentation in the TSA? (5) In case positive, are these modifications more significant in the period of increasing or decaying of convective activity in the TSA?
[6] The objective of the present paper is the development of a methodology to examine the intraseasonal variability of large-scale low-level wind regime and its role upon the mesoscale convective activity in the TSA. With this purpose, CS life cycles and structural properties are determined with the use of satellite infrared (IR) images and a tracking technique [Carvalho and Jones, 2001] focusing on the TRMM/LBA experiment. The paper is structured as follows: section 2 describes the data, section 3 presents the methodology for the identification of intraseasonal westerly and easterly anomalies in low level circulation in the Amazon basin. Section 4 discusses some evidence of intraseasonal variations in the convective activity along with low-level circulation wind anomalies. Section 5 examines the role of intraseasonal variability of wind regimes modulating characteristics of mesoscale convective activity during the TRMM-LBA experiment. Section 6 summarizes the results and conclusions and Appendix A describes some of the methodological approaches used in the satellite tracking technique.
Data Sets
[7] The relationships between the occurrence of westerly and easterly low-level circulation anomalies in TSA and changes in large-scale convective activity are first investigated by performing statistical analyses. The focus is on 19 austral summer seasons from 1 November through 28 February 1980 . In order to characterize the large-scale aspects of tropical convection, daily averages of outgoing longwave radiation (OLR) are used with horizontal resolution of 2.5°latitude/longitude. The daily OLR data are based on interpolated values from polar-orbiting satellites and discussed in detail by Liebmann and Smith [1996] . The large-scale circulation is described in this study with National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis [Kalnay et al., 1996] . The zonal (U) and meridional (V) components of the wind at 850 hPa are used to identify westerly and easterly anomalies for the same 19 austral summer seasons.
[8] The mesoscale variability of Convective Systems (CS) in the TSA during the TRMM-LBA campaign is investigated with satellite infrared (IR) images (i.e., brightness temperature T b ), from the Geostationary Operational Environmental Satellite (GOES 8). These images are available as part of the TRMM/LBA program. Although the Special Sensor Microwave/Imager (SSM/I) 85-GHz channel is considered a useful proxy to describe precipitation features of MCS or more precisely the potential for rainfall from graupel [Mohr et al., 1999] , the discrete temporal sampling (at sunrise and sunset) does not completely resolve the life cycle of convective systems. The one-hour time interval and the coverage of the entire tropical South America with spatial resolution of 4 km provides the required information for a more detailed identification of modulation of the diurnal mesoscale convective activity due to intraseasonal variations in the wind regimes. In this study, all hourly satellite images available in the period from 23 January through 28 February 1999 were used in the satellite tracking of CS. Additional details are discussed in section 5.
Intraseasonal Westerly and Easterly Anomalies in the Low Level Circulation in the Amazon Basin
[9] The mean summertime conditions in South America reveal intense convective activity located over the core of the Amazon Basin and the Andes Altiplano. Figure 1 shows the mean OLR averaged over 19 summer seasons from 1 November through 28 February 1980-1999. The associated mean low-level circulation (850 hPa) indicates easterly winds over most of the tropical Atlantic Ocean. As the easterly winds enter the South American continent, the circulation progressively obtains a northeasterly component. In particular, the mean low-level circulation over the Brazilian state of Rondônia is predominantly from the northwest and is largely forced to run south because of the increasing terrain elevations and the Andes Mountain. The Rondônia state was the site of the January -February 1999 TRMM-LBA campaign (collocated approximately with the box indicated at 13°S-9°S; 64°W-60°W). In order to obtain a better description of low-level wind direction variations in the Rondônia state, Figure 2 shows the frequency distribution of the wind direction at 850 hPa spatially averaged over the box (NDJF 1980 (NDJF -1999 . The wind direction is counted clockwise in degrees from the North direction. As expected, the frequency distribution has a positive skewness toward angles between 270°and 360°(median value equal to 300.3°). Nonetheless, the percentage of summer days with low-level wind direction from 0°to 180°is not negligible (19.2%) and shows the degree of wind variability in the western Amazon region.
[10] Periods (or regimes) of sustained low-level westerly and easterly winds in Rondônia may be linked to large-scale intraseasonal variations (i.e., phenomena with time-scales between 10 and 70 days) affecting the circulation patterns in South America. To examine this issue, we first consider the spectral distribution of variance of OLR and zonal component of the wind (850 hPa) over Rondônia and North Pará regions (indicated in Figure 1 ). Rondônia is collocated with the site where the LBA-TRMM intensive campaign took place. North Pará was chosen because it is strategically important for the examination of Madden-Julian Oscillations (MJO) [Madden and Julian, 1994] , which is a tropical phenomenon with high amplitude near the equator. The spectra in both regions were computed taking time series of OLR and zonal-wind component (850 hPa) in the reference boxes and for each summer season (1 November to 28 February). Ensemble means of OLR and zonal-wind component (850 hPa) spectra were computed by averaging the 19 individual spectra (see Jones and Weare [1996] for details).
[11] The OLR variance spectrum in Rondônia (Figure 3 ) shows several significant spectral peaks at 18.29, 9.48, 7.31, and 4.34 days, while OLR over North Pará is clearly marked by peaks at longer periods (36.57 and 21.33 days). The fact that the intense large-scale convective activity over the core of the Amazon does not exhibit variations associated with the MJO as strong as the ones observed over the Indian and western Pacific Oceans has been noted in previous studies [Jones and Weare, 1996] . Rather, the influence of the MJO in the convection field seems to be more noticeable in the eastern part of South America [Liebmann et al., 1999] . Likewise, the zonal component of the low-level circulation field in Rondônia shows spectral peaks exceeding the red noise background spectrum at periods of 14.22, 9.85, 7.11, and 4.65 days, whereas spectral peaks at 36.57, 23.27, 12.19, 6.92, and 5.33 days are observed over North Pará. In this study, we define intraseasonal variations as periods longer than 10 days and shorter than the seasonal mean (e.g., 90 days). In contrast, we refer to synoptic timescales those variations that have periods shorter than 10 days. The spectral peaks in the synoptic range can be attributed to a multitude of atmospheric processes. These may include easterly waves originated in the Atlantic [Reed et al., 1988] , transient disturbances formed in the north coast of Brazil [Kousky, 1980] , long-lasting squall lines [Silva Dias and Ferreira, 1992; Gargstang et al., 1994; Cohen et al., 1995] , and summertime frontal systems [Garreaud and Wallace, 1998 ].
Intraseasonal Variations in Convective Activity During Westerly and Easterly Low-Level Circulation Anomalies
[12] In this study, we are concerned with intraseasonal variations and their modulation in the mesoscale convective activity in the TSA. With this purpose, we first performed statistical analysis based on 19 seasons of data (NDJF 1980 (NDJF -1999 to derive robust and significant relationships linking intraseasonal variations in the low-level atmospheric circulation in South America and changes in convective activity. A Lanczos band-pass filter [Duchon, 1979] with cut-off periods of 10 and 70 days and 151 weights was applied to the time series of OLR, U and V (850 hPa) from 1 January 1980 through 31 December 1999. The 10-70 days anomalies therefore include variations associated with the MJO as well as shorter timescale fluctuations of 10-30 days.
[13] Based on the wind field constructed with the anomalous U and V components (850 hPa), the wind anomaly direction was computed for each day from 1 November to 28 February 1980 -1999. Next, time series of wind anomaly direction (a), spatially averaged in the Rondônia reference region (Figure 1 ), were selected for each of the 19 seasons. The resulting frequency distribution of wind anomaly direction is shown in Figure 4 , which suggests a nearly bimodal distribution. In order to investigate possible modulations of intraseasonal variations in the low-level circulation in the Amazon and convective activity, two samples were selected. Wind anomaly directions in the range 270° a < 360°are referred to westerlies, whereas 45° a 135°are denoted as easterlies anomalies. The sample sizes for both westerlies and easterlies were coincidentally equal to 582 days, such that the numbers of independent events were 128 and 115 for westerlies and easterlies, respectively. More importantly, the two regimes, westerly and easterly anomalies, are meant to compare contrasting situations in the low-level wind circulation and their possible relation with convective activity in the TSA. At this point, it is also relevant to make a few remarks regarding the use of the NCEP/NCAR analysis and their representation of the wind circulation in the Amazon basin. We have compared the unfiltered wind direction at 850 hPa derived from the reanalysis with radiosonde data (Abracos Hill, Rebio Jaru, and Rolim de Moura stations) during the TRMM/LBA experiment. In general, there is a good correspondence between periods of westerly and easterly winds from both data sets. Some of the possible reasons for discrepancies are: (1) the reanalysis result from a combination of model first guess and data assimilation, (2) our methodology averages the wind direction over the reference region, while station data are point observations, (3) there are significant diurnal variations that sometimes even the station data do not show consistency in the wind direction.
[14] The samples of westerly and easterly regimes of lowlevel wind anomaly direction (10 -70 days) were used to make composites and investigate the variability of SAMS. Figure 5 shows the composites of westerly (top) and easterly (bottom) circulation anomalies. The composites of wind vector anomalies were made by averaging the U850 and V850 anomalies on the dates of the westerly and easterly samples. Superimposed on these plots are the corresponding composites of OLR anomalies. A local t-test was applied to each OLR composite to assess the statistical significance. Only OLR anomalies that were statistically significant at 95% level are shaded.
[15] In the westerly regime, the low-level wind anomalies cross the equator southward passing over the reference region, run toward southeast Brazil and close in a cyclonic circulation just off the coast of Argentina and Uruguay. During the westerly regime, a broad area of negative OLR anomalies is observed to the southeast of the reference region (OLR À3 W m À2 ), which is indicative of enhanced largescale convective activity. Another region of negative OLR anomalies is also observed in the region of cyclonic circulation. It is interesting to note that in the Bolivia Altiplano and in the northern part of South America, positive OLR anomalies are present in the composites. In contrast, in the easterly regime, almost opposite patterns are observed in the low-level circulation and OLR anomalies. An anti-cyclonic circulation is observed off the coast of Argentina and Uruguay such that the wind anomalies penetrate southeast Brazil, extend over the reference region and then cross the equator. Indeed, the easterly low-level wind regime resembles the austral winter pattern discussed in the monthly analysis of Zhou and Lau [1998] (compare with their Figure 9 ) and corroborates the idea of 'breaks' in the SAMS activity. In the easterly regime, the positive OLR anomalies greater than 3 W m À2 (suppressed largeÀscale convective activity) are located over central and southeast Brazil. Negative OLR anomalies suggesting large-scale enhanced convection are now observed over the Altiplano and Venezuela.
[16] The contrasting situations during westerly and easterly regimes and the patterns of OLR anomalies suggest that intraseasonal variations modulate active and break episodes in SAMS. While the core of the Amazon basin does not seem to be very sensitive, the eastern half of the Brazilian territory, the Altiplano and the northern part of South America show clear and robust signals. The regions of opposite OLR anomalies in central and southeast Brazil and in northern South America are referred to as tropical South America dipole (henceforth referred to as TSADipole). Important to notice that the pattern of large-scale precipitation anomalies obtained from stations located in the Brazilian territory were very consistent with the OLR anomalies observed in the TSA-Dipole (not shown). The modulation of intraseasonal variations on the mesoscale convective activity in the TSA-Dipole (presented in section 5) was investigated with emphasis in two regions: the southeast tropical South America (SE-TSA) and the northwest tropical South America (NW-TSA). These regions are indicated by thin solid lines in Figure 5 .
[17] Contrasting OLR anomalies along with the pair of cyclonic/anti-cyclonic circulation anomalies that extend over tropical and midlatitudes of South America during westerlies and easterlies regimes are indicating possible remote forcing mechanisms. Jones and Carvalho [2002] further examined teleconnection patterns linking the anomalies in large-scale convective activity during westerly and easterly regimes to wave train activity propagating from the south Pacific toward South America. These teleconnection patterns resemble the wave train activity shown in other studies and are related to the eastward propagation of tropical intraseasonal variations across the Pacific Ocean [Nogués-Paegle and Mo, 1997; Nogués-Paegle et al., 2000] .
[18] To show the interannual variability of easterlies and westerlies regimes in January and February of 1981 -1999, Figure 5 . Composites of OLR (shading) and wind (850-hPa) anomalies during westerly (top) and easterly (bottom) wind regimes. Anomalies refer to 10-70 days variations during 1 November to 28 February, 1980 28 February, -1999 Only OLR anomalies significant at 95% level are indicated. Thick solid lines denote the satellite domain used to assess the variability of CS. Boxes displayed with thin solid lines are defined as northwest (NW-TSA) and southeast (SE-TSA) tropical South America, respectively. Maximum wind speed for the westerly anomalies is 3.3 m s À1 (top). Maximum wind speed for the easterly anomalies is 2.9 m s À1 (bottom).
we computed the annual anomaly of the number of days per season in each regime as indicated in Figure 6 . The average number of days per season in that period (1981 -1999) was approximately 15 days of westerlies and 14 of easterlies. To further illustrate possible modulations of the variability of wind regimes by El Niño and Southern Oscillation (ENSO) phenomenon, we included a qualitative analysis of ENSO episodes provided by the National Centers for Environmental Prediction/Climate Prediction Center (NCEP/CPC). In this analysis, warm and cold episodes are separated according to the tropical Pacific (along the equator from 150°W to the date line) sea surface temperature (SST) into the following categories: weak, normal, and strong episodes. We simplified the NCEP/CPC analysis by introducing the SST-index, which has an arbitrary scale (bottom of Figure 6 ) to indicate the signal and strength of the episodes. The number of days per season separated according to El Niño, neutral or La Niña episodes (see graphic with bars inserted on the right top of Figure 6 ) suggests that there is no significant modulation in the low-level wind regimes by ENSO. It is important to notice that the intraseasonal activity (10 -70 days) of lowlevel wind regimes during the LBA/TRMM campaign (January -February 1999) was above normal.
Large-Scale Modulation of Mesoscale Convective Activity During the TRMM-LBA Experiment
[19] The objective of the present section is to verify some evidence of how the mesoscale convective activity responds to the intraseasonal variability of wind anomalies. The focus of this entire analysis is on the TSA during the TRMM-LBA campaign. In order to do that, life cycles of convective systems (CS) were identified in consecutive IR images with the use of the Maximum Spatial Correlation Tracking Technique (MASCOTTE) [Carvalho and Jones, 2001] . The MASCOTTE basic hypothesis for the identification of life cycles of CS is the spatial correlation between regions defined by two CSs in successive images. A thorough discussion on the MASCOTTE algorithm is presented by Carvalho and Jones [2001] and summarized here in Appendix A. The methodology of identification of CSs and determination of life cycles and structural properties using IR images is briefly discussed as follows:
1. CSs are defined in the GOES IR images as contiguous regions with Tb 235 K. For the TRMM/LBA campaign, cloud tops with Tb 235 K were in general about the level of 250 hPa. In addition, a buoyant parcel in the tropics reaching this level is likely to originate below the 700 hPa [Machado et al., 1998 ]. Garraud and Wallace [1997] , for instance, used fraction of clouds with Tb 235 K with 0.5°Â 0.5°latitude-longitude and 3-h temporal resolution to estimate diurnal march of convective cloudiness over the tropical and subtropical Americas. To be consistent with Garraud and Wallace [1997] , the same threshold of temperature is used in the present work. Notice that with this assumption, we are investigating mostly anvil regions and embedded areas of active deep convection [Johnson et al., 1990] .
2. The definition of CS based on the temperature threshold allows wide range of horizontal areas. Machado et al. [1998] showed positive correlations between lifetime of CSs and their sizes. Their results indicate that, in general, CSs that reach equivalent radius of 100 km or less and temperature thresholds of 245 K are mostly associated with lifetimes shorter than 3 hours. In order to emphasize the modulation of CSs with longer life cycles, we consider systems with equivalent radius R ! 100 km, the same threshold used by Machado et al. [1998] . These limits of brightness temperature and horizontal area imply that the life cycle of a given CS begins when the CS has Tb 235 K and R ! 100 km. The end of the life cycle, on the other hand, occurs when Tb > 235 K and/or R < 100 km. The combination of both criteria (i.e., Tb 235 K and R ! 100 km) is hereafter referred to T-R criteria. In addition to the T-R criteria, CS life cycles end if a merge with other CS satisfying T-R is observed.
3. As the tracking of the CS is performed with MAS-COTTE, several structural properties of the CS cloud shield [20] Although the use of IR has some advantages regarding a detailed tracking of CS life cycles, there is no straightforward correspondence with precipitation features. In spite of that, the properties described here with the use of IR have at some extent the objective to infer the extension and intensity of convection in association with CS. According to the rawinsondes during the TRMM-LBA campaign, T B 210 K was associated with cloud tops reaching heights above 13 km in an environment where the tropopause was very often above 16.0 km. Furthermore, the T B 213-208 K threshold has been identified with precipitation in the Tropics [Williams and Houze, 1987; Mapes and Houze, 1993; Rickenbach, 1999] and severe events on the ground [Adler and Fenn, 1979] being therefore of interest for the monitoring of CS life cycles. Therefore, we will use Fc as an IR parameter to infer deep and intensive convective activity in mesoscale associated with CSs. The variability of brightness temperature on the top of CS has been identified with the presence of clusters of cumulonimbus in opposition to large cirrus anvil [Tsonis, 1984; Adler and Negri, 1988] . We will use the parameter VarTb in the present work with the same purpose. Ecc has been used to characterize Mesoscale Convective Complexes (MCC) [Maddox, 1980; Velasco and Fritch, 1987] or indirectly to infer typical characteristics of squall lines propagating in the Amazon [Cohen et al., 1995; Silva Dias and Ferreira, 1992; Gargstang et al., 1994] . According to the definition of Ecc assumed by MASCOTTE (i.e., Ecc
, the values of Ecc are in the interval 0 < Ecc 1. Thus, high (low) magnitudes of Ecc are associated with CS shapes that are circular (linear). Note that the definition of eccentricity does not account for the collapsing and fragmentation of cold cloud tops that very often occur as an MCS evolves [e.g., Rickenbach, 1999] . The perimeter fluctuation of cloud boundaries (Fluct) has been shown a simple and efficient approach to quantify fragmentation. Fluct is therefore a complementary parameter to be analyzed in addition to Ecc. In the present work we will investigate whether these CS structural aspects can be modulated by low-level wind anomaly and their variability in the TSA-Dipole.
Daily Variation of CS
[21] To understand the importance of the spatial variability of CSs during the TRMM-LBA campaign, we computed the number of CS life cycles satisfying the T-R criteria with origin in the TSA-Dipole. Due to the large number of missing images between 17 and 22 January and in order to provide reliable statistics with nearly equal samples of easterlies and westerlies regimes, the period investigated in the present analysis extended from 23 January to 28 February 1999. The daily total CS life cycles was computed separately for the NW-TSA and SE-TSA. In addition to these two regions, we also considered the one extending from 53°W to 34°W and 2.5°S to 12.5°N (hereafter referred to as NE-Coastal and ITCZ). This region was defined due to the importance of the convective activity in the Intertropical Convergence Zone (ITCZ) and possible interaction with Amazon squall lines near the coastal areas [Gargstang et al., 1994; Cohen et al., 1995] . To account for differences in the area of TSA-Dipole and NE-Coastal and ITCZ, we computed the anomaly in the number of CS life cycles as shown in Figure 7 . The anomaly was obtained by subtracting the mean of the daily total CS life cycles calculated for each region during 37 days of the TRMM-LBA campaign. The mean daily CS life cycles are the following: 12 (NW-TSA), 21 (SE-TSA), and 9 (NE-Coastal and ITCZ). The periods of easterly and westerly anomalies (10 -70 days) obtained from the NCEP/NCAR reanalysis are shown in the abscissa of Figure 7 . Note that the dates of the filtered westerly easterly anomalies are indeed consistent with the observations of low-level wind regimes in Rondônia shown by Nobre and Silva Dias [2000] and Petersen et al [2002] . For the sake of simplicity, we will hereafter refer to westerly easterly wind anomalies as westerly easterly regimes.
[22] Although the anomaly of the daily total CS life cycles was quite variable for the entire period of Figure 7 , it is relatively consistent with the suppression/enhancement of large-scale convective activity in the TSA-Dipole pointed out in section 4 ( Figure 5 ). For instance, Figure 7 suggests that the periods of negative anomaly in the number of CS life cycles in the NW-TSA region approximately coincides with the westerly regimes (29 January to 5 February and 22-28 February). On the other hand, the long period with easterly regime (8 to 21 February) was markedly associated with positive anomalies in the number of CS life cycles and is certainly the period of most enhanced mesoscale convective activity in the NW-TSA region. The 23-28 January easterly regime was associated with negative anomaly in the total CS life cycles in the SE-TSA region, except for 26 January. Although the 23-28 January easterly period did not show positive anomalies in the number of CS life cycles in the NW-TSA, it did indicate a relative increase of CS life cycles when compared to the subsequent westerly regime period.
[23] The 22-28 February westerly regime was characterized by an enhancement of the number of CS life cycles in the SE-TSA and a decrease of CS life cycles in the NW-TSA region comparatively to the preceding easterly period (9 -18 February). The beginning of the 29 January to 6 February westerly period was associated with increase (decrease) in the number of CS life cycles in the SE-TSA (NW-TSA). However, the remaining period did not show any positive anomaly in the number of CS life cycles neither in the SE-TSA nor in NW-TSA. In fact, the TSA-Dipole was properly characterized by negative anomaly in the number of CS life cycles in the NW-TSA rather than positive anomaly in the number of CS life cycles over the SE-TSA region.
[24] Notice that the fluctuations of the anomalies of the daily number of CS life cycles in the TSA-Dipole shown in Figure 7 suggest the importance of the variability of the mesoscale convective activity within time-scales shorter than 10 days or in the synoptic-scale. The spectrum of OLR in Rondônia (Figure 3) indeed indicates a significant peak in 4.34 days and 4.65 days in the spectrum of low-level zonal wind (850 hPa) in Rondônia. For the NE-Coastal & ITCZ, the daily anomaly of the number of CS life cycles indicates that the westerly (easterly) regimes were associated with an increasing (decreasing) of the number of CS life cycles. Observe that the composites of daily OLR anomalies (10 -70 days) did not show any statistically significant signal in this region ( Figure 5 ). However, there is a significant peak in the spectrum of low-level zonal wind in North Pará on 6.92 and 5.33 days, which might be associated with disturbances propagating in the ITCZ [Diedhiou et al., 1999] . Nevertheless, further verification is needed to conclude about the role of intraseasonal variability of low-level winds on the modulation of the near coastal convective activity and the interaction with the ITCZ.
CS Origin and Life-Cycle Duration
[25] The CS life-cycle origin and durations were analyzed in two periods of consecutive days with no missing images identified as representative of easterly and westerly regimes: 12 -18 February (easterly Regime) (Figures 8a -8b) , 31 January to 6 February (westerly Regime) (Figures 8c -8d) . The 8 -21 February was the longest easterly regime period with high cloud-to-ground lightning activity during the LBA-TRMM campaign, typically contrasting with the low lightning activity during the 31 January to 6 February westerly period [Nobre and Silva Dias, 2000; . This evidence suggests that the two periods can be considered representative of the contrasts between mesoscale convective activities associated with easterly westerly regimes.
[26] The numbers displayed in the maps of Figure 8 indicate the CS life-cycle duration in hours. They are collocated with the origin (center of gravity) of the CS life cycles when they were first detected. For the sake of clarity, we examined the origin of CS according to their life-cycle durations in two categories: CS life cycles between 1 and 5 hours (Figures 8a -8c ) and CS life cycles between 6 and 10 hours (Figures 8b and 8d) . The main contrast along with low-level wind regimes was clearly observed from the increase in the genesis of CSs with 1 -5 hours CS life-cycle duration in the NW-TSA region (north of the Equator) during the easterly regime (compare Figures 8a and 8c) . During the westerly regime, there are relatively less amounts of CS life cycles in the same region and the occurrence of a larger number of CS life cycles east of the SE-TSA region. This observation was especially relevant for the westerly regime during 23-28 February (not shown).
[27] The increase in the number of CS in the NE-coastal and ITCZ area during the westerlies was also evident in these examples. Moreover, there was no apparent distinction between the spatial variability of CS life cycles with long duration (6 -10 hours) and short duration (1 -5 hours) for a given regime (compare Figures 8a with 8b and Figures 8c  with 8d ). In addition, similar patterns of the spatial variability of CS life cycles were observed in the 23-29 January easterly regime and in the 23-28 February westerly regime, respectively. These results indicate that in spite of the influence of disturbances of time-scales less than 10 days on the daily amount of CS, the large-scale characteristics of the TSA-Dipole shown in Figure 5 were generally preserved. The displacement toward the NW-TSA and the decrease of the number of CS in the SE-TSA during the easterlies resembles the austral autumn features of the CS initiation location observed by Machado et al. [1998] (see their Figure 7 ) and Mohr and Zipser [1996] (compare their Figures 4 and 7) . The convective activity transition from summer to autumn patterns further substantiates the existence of ''breaks'' in the monsoon regime during the easterly regimes.
[28] The histograms (Figure 9 ) summarize the CS lifecycle duration separated according to the wind regime and spatial variability. We recall that ''duration'' is defined here as the time interval in hours that an identified CS is satisfying the T-R criterion and is not merging with another CS. Life cycles less than 3 hours clearly dominated 12-18 February easterly regime in the three considered regions. They represented 67.7%, 58.2% and 60.4% of total CSs in the NW-TSA, SE-TSA, and NE-Coastal and ITCZ region, respectively. The CS life-cycle duration distributions for NW-TSA and NE-Coastal and ITCZ were very similar with the statistical mode equal to 1 hour. However, the respective distribution for SE-TSA indicated a shifting of the statistical mode of CS life-cycle duration to 3 hours with similar contribution of CS with life cycles between 1 and 2 hours. The 31 January to 6 February westerly regime, on the other hand, did not indicate the mode in 3 hours for the SE-TSA. Rather, the SE-TSA CS life-cycle duration distribution was similar to the NW-TSA distribution, that is, approximately 42% of the total life cycles were less than 3 hours in both regions. To interpret the regional differences of CS life cycles, we computed statistical properties of the distributions as shown in Table 1 . Only life cycles !2 hours were considered in this analysis to emphasize the importance of longer life cycles. Tests of significance were performed for the mean, median and variance of the distributions [see, e.g., Anderson and Finn, 1996] .
[29] During the 31 January to 6 February westerly regime, the populations of CS with origin in the SE-TSA and NW-TSA could not be considered statistically distinct. However, the NE-coastal and ITCZ showed the largest variance and an increase of the skewness coefficient (comparatively to 12-18 February easterly regime). The tests of significance of the variance difference suggested that the NE-Coastal & ITCZ represented a distinct population of CS life cycles during the westerly regimes. Notice that due to the easterly propagation of CS in the ITCZ and the limited extension of the domain, some life cycles may be even longer than considered in this analysis.
[30] The 12-18 February easterly regime showed the most statistically significant differences of the life-cycle distributions in the TSA-Dipole. Tests of significance at 95% confidence level for differences in the median and variance indicated that the population of CS with origin in the NW-TSA was significantly different from the respective SE-TSA population. This observation was supported by the higher upper quartile (75th percentile), which indicated lifecycle durations more variable and longer for the NW-TSA population. Although the CS population with origin in the region NE-coastal & ITCZ had the longest mean and upper quartile, due to the small amount of CS observed in this region comparatively to the NW-TSA and SE-TSA areas, the tests of significance did not reject the hypothesis of equal dispersions of the distributions.
[31] Longer life cycles observed during easterly regimes seem to be associated with deeper and more intense MCSs (i.e., larger contribution of the convective precipitation to the total rainfall, increase of lightning activity) observed by Ciffelli et al. [2002] and Petersen et al. [2002] . As pointed out by Petersen et al. [2002] , the large-scale environment Cohen et al. [1995] , and Silva Dias and Ferreira [1992] . In addition, our results indicated that these long-lived MCSs had their origin preferably in the NW-TSA and NE-Coastal & ITCZ.
CS Diurnal Frequency in the TSA-Dipole
[32] One important aspect to characterize distinct properties of CS in the TSA-Dipole is their diurnal frequency. The following periods were considered in this analysis: 23-29 January and 12-18 February (easterly regime) and 31 January to 6 February and 22 -28 February (westerly Regime). Days with missing images were excluded. Figure 10 illustrates the main regional differences obtained during westerly (top) and easterly (bottom) regimes. The total CS numbers detected in each region and regime are indicated in the figure. Due to differences in the total number of CS in each regime, the percentage of hourly distribution of CS at a given time (LT) was obtained dividing the number of CS observed with origin at that time by the total number of CS in the region.
[33] During the westerly regime ( Figure 10 , top), the maximum percentage of the total CS occurred in early afternoon (1445-1545 LT) for the SE-TSA region, possibly triggered by the solar heating. Two secondary periods of increasing fraction of CS in the SE-TSA occurred at 1845 LT and 2145 LT. These observations were particularly consistent with the maximums of count flashes during the westerlies (December 1997 to March 2000) obtained with the TRMM Lightning Imaging Sensor (LIS) . That study's domain however did not include any information north of the equator. Garreaud and Wallace [1997] also evidenced a banded pattern of areas of maximum afternoon/evening convective activity during the raining season over the central part of South America. The NW-TSA region on the other hand, showed a bimodal aspect with one maximum at 1445 LT and another at 1745 LT. The first NW-TSA maximum coincides with the maximum of CS observed in the NE-Coastal & ITCZ. In addition, a second maximum was observed in the NW-TSA by 1745 LT synchronous with a secondary maximum in the NE-coastal & ITCZ. This period coincides approximately with sunset satellite observations discussed by Mohr and Zipser [1996] . Their results clearly indicated an increase in the number of MCS in the coastal area and in central Amazon, comparatively to the sunrise pass. Nonetheless, the maxima early afternoon observed during the westerlies in the three region considered suggest an even larger contribution to the total daily number of CS.
[34] The maximum fraction of the total CS in the SE-TSA region during the easterly regime (Figure 10 , bottom) occurred preferably in early afternoon (1445 ( -1645 . This observation is consistent with the TRMM-LIS maxima of count flashes during the easterlies . The NW-TSA region showed a lag of 2 -3 hours in the afternoon peak of the fraction of CS (1545 -1745 LT) comparatively to the SE-TSA and the existence of a secondary peak late at night (0045 LT). The afternoon maximum was approximately synchronous with the respective sunset maximum (1745 LT) observed during the westerly regime. The NE-Coastal & ITCZ region exhibited a bimodal afternoon distribution during the easterlies, with the first peak synchronous with the maximum in the SE-TSA (1445 LT) and a second one synchronous with the afternoon maximum in the NW-TSA (1745 UTC) during the easterlies.
[35] The oscillatory aspect of the fraction of CS suggests the build up of the convective activity in an interval of approximately 3 -4 hours, which is possibly reflecting the predominance of 1 -3 hours CS life-cycle durations ( Figure  9 ). Approximately at dawn (between 0245 and 0645 LT), there were larger fractions of the number of CS in the NW-TSA than in the SE-TSA in both regimes. During the westerlies, the difference is particularly relevant, with 20% of CS occurring in this period of the day in the NW-TSA in contrast with 14% of CS in the SE-TSA. Negri et al [1994] determined the differences between the mean precipitation derived in the evening (1830 LT) and morning (0630 LT) in twenty months climatology of convective precipitation in the Amazon derived from passive microwave observation (January -May 1988 -1990 and 1992 . They showed alternating bands of prevailing PM and AM precipitation coinciding with the NW-TSA region (see their Figures 5 and 7) , indicating the importance of nocturnal convective activity in this region. In contrast, according to the same study, the southeast Amazon, which is embedded in the SE-TSA, receives most of the precipitation in the afternoon. Nonetheless, the regional differences in the preferable time of occurrence CS shown here emphasize the importance of the high-frequency imagery to resolve the diurnal cycle of convection in the TSA.
CS Maximum Extension in the TSA-Dipole
[36] One important aspect associated with the stages of the convective activity is the CS maximum extension, determined here from the CS maximum radius (Rmax). Grifith et al. [1978] and Negri et al. [1984] considered in their IR rainfall estimation techniques that the maximum area of a convective system (defined with Tb = 253 K threshold) is observed typically lagging 1 -1.5 hours the peak of the maximum volumetric rainfall rate. This occurs due to the maximum divergence at the anvil level during the mature phase of a CS. Therefore, the maximum radius of a CS can be indicative of the period when the stratiform rainfall becomes an important contribution for the total precipitation [see e.g., . Figure 11 shows the diurnal variation of Rmax for CS life-cycle durations !3 hours and origin in the TSA-Dipole. We recall that radius (R) of a CS is defined by considering the CS area as circular, that is, R = (area) 1/2 p À1 . A histogram showing the number of Rmax observed each 2 hours of time interval (LT) is inserted in each frame. Some CS in the ITCZ region may have their origin out of the domain and for this reason the NE-coastal and ITCZ was not considered in this analysis. The dotted and dashed lines in the graphics indicate the median and upper quartile respectively of the maximum radius in each region.
[37] During the 12-18 February easterly regime (Figures 11a and 11b) , the prevailing periods of Rmax lagged the time of maximum fraction of CS with origin in the NW-TSA and SE-TSA (compare with Figure 10 , bottom). In addition, it is evident that the largest majority of Rmax above the upper quartile was more likely observed in late afternoon and early evening during easterlies for CS with origin in both SE-TSA and NW-TSA (Figures 11a and 11b) . Moreover, during the same period, approximately 21.0% and 22.5% of the total Rmax with origin in the NW-TSA and SE-TSA, respectively, were observed from late evening to dawn (2245 -0645 LT). Nonetheless, less than 10% of these Rmax were observed above the median during the same time interval. The upper quartile of the maximum CS radius was indeed similar for CS with origin in both regions during the easterlies.
[38] In contrast, during the 31 January to 6 February westerly period (Figures 11c and 11d ) the upper quartile in the NW-TSA region (Figure 11c ) was significantly reduced. Furthermore, it is unclear the time of occurrence of Rmax above the upper quartile. Nonetheless, 22.6% of Rmax observed from 2245 to 0645 LT were above the median (against 9.7% during the easterly regime). On the other hand, CSs with origin in the SE-TSA clearly reached their maximum radii preferably in the afternoon between 1745 and 1945 LT. Additionally, the upper quartile was comparable to the SE-TSA and NW-TSA during the easterly regime.
[39] These results suggest two important aspects about breaks of the monsoon regime during the easterlies: (1) although the convective activity in the SE-TSA was reduced, it was not completely suppressed; (2) the enhancement of the convective activity during the easterlies in the NW-TSA was comparable to the SE-TSA in both easterly and westerly regimes. These observations reinforce the hypothesis that ''breaks'' resembles the autumnal rather than the winter convective activity features in the tropical South America.
Spatial and Temporal Modulation of CS Properties
[40] We discuss now the differences in the CS structural properties observed in different regimes more specifically focusing on the TSA-Dipole. Since the objective is to identify the role of wind anomalies upon the CS features, it is important that the analysis be performed with distinct populations in each regime. With this purpose in mind, we verified CS structural properties during the easterly and westerly regimes in two distinct periods: in the afternoon, about the time of enhanced convection (i.e., 1445 LT in the NW-TSA and 1545 LT in the SE-TSA), and at dawn when the convective activity is diminished (i.e., 0545 LT in the NW-TSA and 0645 LT in the SE-TSA) (see Figure 10 ). In addition, the afternoon (approximately 1845 UTC) is the time of maximum lightning activity during both easterly and westerly regimes . According to that same study, dawn (approximately 0945 UTC) is about the time when a secondary maximum of the lightning activity obtained with the Brazilian Lightning Detector Network was observed during Easterlies (years 1999 -2000) ; it is around the sunrise, which can provide additional information to the previous results of Mohr and Zipser [1996] and Negri et al. [1994] . Moreover, the 9 hours difference was considered enough to guarantee the assumption of independent events. The present analysis was performed with data from two weeks within each regime: 23-29 January and 12-18 February (easterly Regime) and 31 January to 6 February and 22-28 February (westerly Regime).
[41] Medians, lower (25th percentile), and upper (75th percentile) quartiles were analyzed during easterly and westerly regimes for each CS property discussed before. The median, unlike the mean, is not severely affected by extreme values and is considered a good measure of location for ordinal scales [Anderson and Finn, 1996] . In addition, the median is preferable to the mean when a distribution is highly skewed; in this situation, the mean and median can be quite different. With the use of medians and quartiles, Figure 12 summarizes the characteristics of the distributions at dawn (0545 LT in the NW-TSA and 0645 LT in the SE-TSA) and afternoon (1445 LT in the NW-TSA and 1545 LT in the SE-TSA) of the following variables: Equivalent Radius (R), Fraction of CS with Tb < [42] During westerlies in the afternoon (about the time of the enhanced convection), both median and upper quartile of R increased in the SE-TSA region (Figure 12a, right) . Opposite situation was observed in the NW-TSA region in the afternoon. Note that the distribution of R (median, upper, and lower quartiles) was very similar in the NW-TSA (easterlies) and SE-TSA (westerlies) in this period of the day. On the other hand, at dawn (Figure 12a, left) there was no significant difference between regimes in the NW-TSA, although the SE-TSA was characterized by an increase of the median and upper quartile during the easterlies. Furthermore, the statistical characteristics of R in the SE-TSA during the easterlies indicated no significant change from dawn to afternoon. The horizontal extension of CS is certainly an important contribution for the OLR pattern observed with coarse resolution. Therefore, the comparisons provide additional support to the patterns of OLR anomalies associated with the existence of the TSADipole as shown in Figure 5 .
[43] During the easterlies, the NW-TSA not only exhibited an enhancement of the number of CS but also a significant increase of the cloud area at about the time of maximum convective activity in the afternoon. Opposite tendency was observed in the SE-TSA, with more (less) numerous and larger (smaller) CS in the SE-TSA during the westerlies (easterlies) by the same time. Nonetheless, the weakening (strengthening) of the large-scale and mesoscale convective activity in the SE-TSA during the easterlies (westerlies) did not indicate the same strong signal as in the NW-TSA at the time of more intensive convective activity (afternoon). On the other hand, at dawn the fraction of total CS decreased, whereas the median and the upper quartile of the size distribution increased (decreased) during easterlies (westerlies) in the SE-TSA. The shifting of the R distribution toward the larger sizes at dawn during the easterlies probably occurred due to the extension of the CS activity during the night and predawn. A relatively large amount of CS with life-cycle duration !3 h with origin in late evening in the SE-TSA during the easterlies (Figure 10 , bottom), some reaching Rmax between 0545 and 0745 LT (Figure 11b ), may possibly explain these differences. These results indicated that the patterns of OLR anomalies observed in the TSA-Dipole ( Figure 5 ) during easterly and westerly regimes, seem to be mostly due to the contribution of size and number of CS. [44] Petersen et al. [2002] , and Ciffelli et al. [2002] have shown evidence that changes in the vertical structure of deep convection may be expected to go along with regime changes. The analysis of the reflectivity in excess of 30 dBZ in the core of precipitating features shown by Petersen et al. [2002] suggested that during easterly (westerly) regimes, convection over the southern Amazon and Mato Grosso tends to exhibit more (less) vertical development. The referred regions monitored by Petersen et al. [2002] were mostly embedded in the SE-TSA. From the IR image standpoint, the vertical development should be identified by the fraction of cold features embedded in the CSs rather than the horizontal extension of CS defined by the 235 K threshold. The variable Fc shown in Figure 12b provides the IR property that could be associated with Petersen et al. [2002] observations. By the time of maximum convective activity (Figure 12b, right) , the CSs in the SE-TSA region exhibited larger (smaller) Fc during the easterlies (westerlies). Moreover, at the same time, the Fc distributions in the SE-TSA indicated the largest medians, upper and lower quartiles comparatively to NW-TSA in both regimes. Although there is considerable variability of Fc in the NW-TSA in the afternoon as the regime changes (Figure 12b, right) , the magnitude of the upper quartile is below the median in the SE-TSA in both regimes. In fact, during the easterlies in the afternoon, the NW-TSA upper quartile is below the lower quartiles in the SE-TSA. The differences in the magnitude of Fc in the TSA-Dipole might be one possible reason to explain why Petersen et al. [2002] did not find strong signals of wind regimes modulating precipitation features observed with radar reflectivity north the equator. In other words, it is possible that the SE-TSA is in effect the cradle of CS with deepest vertical development in the TSA and therefore subject to intraseasonal variations detectable with radar. In addition, note that Fc increases at dawn in the NW-TSA during the westerlies (Figure 12b , left), which can be considered an important evidence of nocturnal activity. The diurnal variation of Fc was noticeable in the SE-TSA with higher medians and upper quartiles in the afternoon, in contrast to what was observed in the NW-TSA.
[45] Changes in VarTb (Figure 12c ) provide additional information on the state of the mesoscale convective activity as derived from IR imagery. In the SE-TSA, the diurnal variation of VarTb indicated to be more significant than any change due to wind regimes. Higher values were observed in the afternoon in the SE-TSA comparatively to dawn in both regimes. This can be suggestive of the decaying (enhancement) phase of the mesoscale convective activity in the area at dawn (afternoon). However, in the NW-TSA significant differences occurred accompanying changes in the wind regime. In the afternoon and dawn, medians and upper quartiles of VarTb were higher during the westerly regimes following the same tendency of Fc. These results emphasize the importance of the nocturnal activity in the NW-TSA by the time of the sunrise during the westerlies. Negri et al.'s [1994] climatology pointed out that a large portion of the northwest Amazon (embedded in the NW-TSA) indeed receives an important contribution of the early morning convective activity to the total precipitation. Nonetheless, it remains unclear whether Negri et al.'s [1994] results would be strongly modulated by intraseasonal variability, particularly in the NW-TSA. The CS IR characteristics discussed here call attention for the necessity of a more detailed verification of precipitation features in the northwestern Amazon.
[46] Similar to VarTb, Ecc (Figure 12d ) was dominated primarily by the strong diurnal variability. We recall that larger (smaller) magnitudes of Ecc represent CS top features that are more circular (linear). Therefore, circular (linear) CS shapes occurred more often at dawn (afternoon), calling the attention for possible increase in the occurrence of mesoscale convective complexes [Velasco and Fritsch, 1987] . Changes in the distribution along with variability of wind regimes were more evident in the NW-TSA in the afternoon (Figure 12d, right) . A decrease in the upper quartile and median during the easterlies suggests an increase in the number of CSs with linear cloud shield aspects, and therefore, higher chances of squall line CS types. The decrease in the lower quartile in the SE-TSA region during the easterlies (Figure 12d, right) suggests, at some extent, that chances of existence of squall lines also increased in this region in the afternoon. At dawn (Figure 12d, left) , on the other hand, there was higher frequency of CS with linear aspect during the westerlies in the NW-TSA. This observation adds extra support to the nocturnal convective activity in the NW-TSA region during the westerlies.
[47] According to Rickenbach [1999] , cold cloud anvils of propagating squall lines under directional vertical wind shear are subject to tilting and displacement of the leading edge. This displacement of the cold cloud shield would be characterized in IR images by an apparent sink of the cold cloud top and, therefore, an increase of T b . The consequent apparent displacement of the cold shield and warmth of portions of the cloud anvil would increase the fragmentation or irregularity in the form of a CS. Carvalho and Jones [2001] have shown a diurnal modification of the distribution of Fluct for the entire TSA (excluding the Andes) as a function of the magnitude of the vertical speed wind shear between 250 and 700 hPa. They showed that a shift toward higher (lower) values of the distribution of Fluct in the TSA was observed approximately at the period of the day with maximum (minimum) magnitude of the vertical speed wind shear, i.e., $1800 UTC (between 0600 and 1200 UTC). Analogous diurnal variability of Fluct was observed in the NW-TSA and SE-TSA, with a shifting of the distribution toward the larger magnitudes in the afternoon (approximately 1845 UTC) (Figure 12e ). Because Fluct is a residue by definition, small values of this variable are expected. Nevertheless, CS fragmentation increased (decreased) during the westerlies (easterlies) in the SE-TSA in the afternoon ( Figure 12e, right) ; similar characteristic was observed at dawn (Figure 12e , left) in the same region suggesting an enhancement of the vertical wind shear during the westerlies in that region. The distribution of Fluct in the NW-TSA (Figure 12e, left) , although showing strong diurnal variation, indicated significant changes in conjunction with regime change only at dawn (increase of fragmentation during the easterlies).
Summary and Conclusions
[48] The focus of the present paper was to develop a downscaling investigation linking the large-scale intraseasonal variability in low-level wind regimes and mesoscale convective activity in the TSA. The large-scale circulation and tropical convection features were examined in this study with 19 austral summer seasons. The variance spectra of the low-level circulation and large-scale convective activity were investigated in two distinct regions in the TSA: the Brazilian Rondônia State (TRMM-LBA 1999 campaign) and North Pará (important for its location in the TSA near the Equator). The main aspects are summarized in Table 2 . They indicate that the spectral peaks exceeding the red noise background in Rondônia are not directly related to the MJO (30 -60 days oscillations). Additionally, it is clear the importance of transient disturbances in the synoptic range in both Rondônia (9.48 and 7.11 days) and North Pará (9.48, 7.31, and 4.34 days). These disturbances can enhance/suppress the convective activity in mesoscale during a given regime, which may account for significant differences in the spatial and temporal patterns of rainfall and cloudiness in the TSA relatively to what would be expected with respect to intraseasonal variations of wind regimes (10 -70 days).
[49] In order to determine the role of intraseasonal variations, anomaly composites (10 -70 days) were performed. The key features are:
1. During the westerly regime, the wind anomalies cross the equator southward passing over Rondônia toward southeast Brazil and close in an anomalous cyclonic circulation off the coast of Argentina and Uruguay. Low-level westerly anomalies favor the enhancement of large-scale features of the convective activity (OLR anomalies À3 Wm À2 ) southeast of Rondônia (SE-TSA). Equally important are the positive OLR anomalies observed in the Bolivian Altiplano and in the Northwest part of tropical South America (NW-TSA) indicating the suppression of largescale convective activity in these regions. It is relevant to notice that only south Rondônia is collocated with statistically significant anomalies.
2. During the easterly regimes, almost opposite patterns are observed in the low-level circulation and OLR anomalies. These include an anomalous anti-cyclonic circulation off the coast of Argentina and Uruguay, with wind anomalies penetrating the southeast Brazil, extending over Rondônia and then crossing the equator. Likewise, suppression of the large-scale convective activity (OLR anomalies !3 Wm
À2
) is observed in the TSA approximately collocated with the region where enhanced convection was observed during westerlies (SE-TSA). Negative OLR anomalies, suggesting enhancement of convection, are now observed over NW-TSA and the Bolivia Altiplano.
[50] The contrasting characteristics associated with westerly and easterly intraseasonal low-level circulation anomalies indicated that significant signal of the variability in the convective activity does not occur in the core of the Amazon. Rather, the pattern of significant anomalies sustained the hypothesis of existence of an enhancement/ suppression dipole of the large-scale convective activity in the TSA (referred to as TSA-Dipole). The presence of this dipole was the starting point to investigate the regional impacts upon the mesoscale activity in the TSA during the TRMM/LBA campaign (23 January to 28 February 1999). The mesoscale convective activity was described with the observation of the spatial and temporal characteristics of evolving CS in IR GOES images.
[51] The analysis of CS properties revealed some important aspects associated with the mesoscale activity in the TSA-Dipole. A summary of these results is schematically shown in Figure 13 . Boxes on the left (right) are associated with CS properties during the westerlies (easterlies). The map and arrows in the center of the figure indicate the region where the properties were obtained. Each panel shows the variations during negative (enhanced convection) and positive (suppressed convection) OLR anomalies for the corresponding regions. For the sake of simplicity, only CS properties that significantly increased during a particular wind regime are shown in each box. Therefore, for any given region, a change in the wind regime implies an opposite tendency in the CS property.
[52] One important aspect elucidated in the present work, which has not been addressed in previous studies, is the importance of the variability of convective activity in the NW-TSA. The results shown here clearly indicated that this region was subjected to the most significant contrasts in the CS characteristics as the wind regime changed. During easterly regimes (or break periods), the increase of number of CS in the NW-TSA and decrease in the SE-TSA resemble the autumn season. Additional observational evidence comes from the studies of Mohr and Zipser [1996] and Machado et al. [1998] , despite differences in the satellite methodology. The CS properties observed in the SE-TSA were modulated by wind changes as well. These modifications, such as number of CS, diurnal distribution, radius, fraction of cold tops, and fragmentation were consistent with results obtained with other source of data [Ciffelli et al., 2002; Petersen et al., 2002] . Changes in the TSADipole large-scale convective activity pattern (OLR and precipitation) in association with changes in the low-level wind regime seemed to be specially dictated by the increase of size and number of CS rather than the CS depth. Since the CSs defined with Tb 235 K are mostly associated with CS anvil features, these results are suggestive of the role of the stratiform rainfall component for the total precipitation during the active phase of the monsoon system in the SE-TSA. Conversely, the increase of the fraction of cold tops (Fc) in the SE-TSA during the break phase of the monsoon system along with a decrease in the number and size of CS, support the observations of the enhancement of convective component of the precipitation, count of light- [Ciffelli et al., 2002; Petersen et al., 2002] .
[53] The TRMM/LBA campaign provided important field data to validate remote sensing observation and further infer physical processes in the Amazon region. The Rondônia site, however, was located on the periphery of the region of maximum intraseasonal variability and changes in convective activity. Therefore, caution must be exercised in drawing conclusions about changes in MCS properties observed in the Rondônia site in association with westerly and easterly wind regimes. The results of this paper show that changes in the low-level circulation are not limited to the Amazon Basin, but have a continental character. Furthermore, many studies have indicated that these intraseasonal variations are remotely forced [Nogués-Paegle and Mo, 1997; Liebmann et al., 1999; Nogués-Paegle et al., 2000; Jones and Carvalho, 2002] . On the other hand, the role of synoptic-scale transient systems to the variability of convective activity in the TSA also needs to be investigated. The implications for modifications in mesoscale convective activity are therefore quite complex and involve the tropical and extra-tropical regions in South America. A multiscale approach integrating large and mesoscale processes using a combination of remote sensing data and reanalysis is necessary to further understand the summertime precipitation variability in South America.
Appendix A: The Maximum Spatial Correlation Tracking Technique (MASCOTTE)
[54] The basic steps involved in the MASCOTTE method are discussed in detail by Carvalho and Jones [2001] . The following procedures are used in the MASCOTTE to compute orientation, eccentricity, and fragmentation of cloud features:
1. The orientation of the CS cloud shield is computed by considering a given CS in which the array of pixel coordinates is given by (X i ,Y i , i = 1, N P ). The means X and Y are first subtracted from the vectors X i and Y i and an Empirical Orthogonal Function (EOF) analysis is computed on the covariance matrix. The result of this operation is a pair of eigenvalues and eigenvectors that explain the total variance of the geographical coordinates of the given CS. This way of computing the orientation of the CS has the advantage Figure 13 . Summary of CS properties associated with the TSA-Dipole. Boxes on the left (right) are associated with CS properties during the westerlies (easterlies). Each panel shows the variations during suppressed and enhanced large-scale convection for the corresponding regions. For any given region, a change in the wind regime implies an opposite tendency in the CS property.
that the first eigenvector maximizes the spatial variance of the CS cloud shield. The CS eccentricity (Ecc) in our method is defined by the ratio of the norms k EOF2
where EOF2 ! ; EOF1 ! are the second and first eigenvectors, respectively.
2. Fragmentation is determined in MASCOTTE with the use of perimeter-area relationship. Lovejoy [1982] showed that the representation of logarithm of perimeters versus the logarithm of area of the systems has approximately a linear relationship, which seems to hold for several spatial scales. The slope of the straight line in this relationship was first defined by Lovejoy [1982] as the fractal dimension of clouds and rain. This concept of Lovejoy [1982] is indirectly used in MASCOTTE to measure fragmentation of clouds. The procedure in this case is to remove the trend (or monofractal dimension) between perimeter and area, by assuming the following functional relationship: 
